netic Interactions are to be found in the Yukawa sector of the theory where they serve to parametrize quark and lepton masses, as well as the interfamily mixings of the quarks, and CP violation. Historically, of these thirteen parameters, only one was ever predicted [l] , the channed quark mass, but only after an inspired guess on the value of a strong (i. e. presently uncalculable) matrix element.
Theoretical guesses on the nature of physics beyond the Standard Model have been formulated, using as inspiration the idea of Grand Unification [2] which emerged from the observed pattern of the quantum numbers of the elementary particles. When applied in conjunction with the ren onnalization group [3] , this idea has proven extremely fruitful.
Recent work indicates that the experimental values of the gauge couplings are such that all three couplings evolve to the same value [4] at shorter distances when supersymmetry is included at SSC scales. Without supersymmetry, the gauge couplings meet two at a time, forming a small GUT triangle in the plot of their evolution as a function of scale.
This encouraging situation, hinting at a Super Grand Unified Theory, should be matched by concomitant simplicity in the other parameters of the theory. To that purpose we present a comparative analysis of possible relations among Yukawa couplings at shorter distances both in the Standard Model itself and in its minimal supersymlnetric extension.
In the context of the 5U(5) Grand Unified Theory [5] , several mass relations were proposed based on simple assumptions on the possible Higgs structure. The first of these (assuming only a 5 Higgs representation) leads to the equality between the r-Iepton and b quark Yukawas or masses at the GUT scale:
This relation, when folded into the running of the masses with distance is not inconsistent with experiment, due to the fact that QCD provides through the anomalous dimension of the quark mass, the required factor to bring it in rough agreement at experimental scales (6) . This relation, if applied to the lighter two families, is off by a factor of ten. A new scheme was proposed (7] with a slightly more complicated Higgs structure (using a 45 representation in conjunction with the 5). It replaces the above with the more complicated relations RELATION IIa 3r71s = mJ..l .
RELATION IIb
These are typical of the SU(5) types of model in which the charge -1/3 quarks and the charged leptons Yukawa couplings appear with the same quantum numbers.
The situation concerning the mixing angles is equally intriguing. It was noticed long ago that there existed a near numerical equality between the square of the tangent of the Cabibbo angle and the ratio of the down to the strange quark masses (determined from current algebra). This Oakes relation reads d tan Be ~ -.
RELATION III ms

~
It has provided the central inspiration in the search for Yukawa matrices. It was found (8] that very general classes of matrices with judiciously chosen textures (i. e. zeroes in the right places) reproduced this relation, at least approximately.
In a model based on SO(10) [9] it was found[lO] that these three different relations could all be obtained at the same time, with the required texture being enforced naturally by discrete symmetries at the GUT scale. As a consequence of the model, the mixing of the third family with the two lighter ones was dictated exclusively through the Yukawa matrices of the charge 2/3 quarks. Accordingly an Oakes-like relation for the mixing of the second and third families ensued [lO] V:b -_ . Higgs structures in mind, these relations may well prove sturdier than the theories which generated them. In the following, we first examine these relations in the context of the Standard Model at varying distances all the way down to Planck length. We then extend the analysis to the minimal supersymmetric extension of the Standard Model, and com pare the effect of this extension on their relative validity. A more thorough treatment is in preparation [13] .
RUNNING THE STANDARD MODEL TO PLANCK
In this section we make use of the numerical techniques and routines developed in a previous work [14] . We first use experiment to fix the parameters of the Standard Model at lower energies. We then use these values as initial conditions in the renormalization group running to lower length scales, using t e M S scheme. that the mass and mixing relations we have just described to be sensitive to the value of the top quark mass. On the other hand, the Higgs quartic self coupling enters the running . of the other couplings only at the two loop level, and its effect on the quark and lepton parameters is expected to be small. However its own running is very sensitive to the top quark mass; it can become negative as easily as it can blow up. The former leads to vacuum instability, the latter, called the triviality bound leads to strong self-interaction of the Higgs. The following graphs summarize these bounds for representative values of the top quark mass. It is amusing to note that it is for comparable value of the top and Higgs masses that these bounds are least effective, but it is important to emphasize that a high value of the top with a relatively low value of the Higgs necessarily indicates the presence of new physics within reach of the SSC. 
SCALES OF EXPECTED NEW PHYSICS IN THE STANDARD MODEL
RELATION (I)
This relation is the most natural one in the SU (5) Their noteworthy feature is that this simplest of the SU(5) relation tends to be valid at an energy scale many orders of magnitude removed from that at which the gauge couplings tend to converge, which is around 10 15 GeV.
RELATION (II)
We now turn to the more complicated relation between the masses from the two lighter We see that these relations axe never satisfied at any scale in the Standard Model, and they axe also quite insensitive to the value of the top. The formula for the second family provides the better agreement, but it never gets below 11 %. From these tables, one can easily read off the ratio of the determinants of the charge -1/3 to chaxge -1 mass matrices.
We note that for the lowest top mass, these two determinants are equal at 10 18 GeV, while for the highest they converge at 10 15 GeV.
RELATION (III)
We find that the Oakes relation to be quite independent of scale. 
RELATION (IV)
Since this relation involves the top quark mass directly, it could be used to fix its value.
On the other side of the equation, the experimental value of the "23" element of the CKM matrix, Vcb is known to within "'-I 10% only [15] Vcb = 0.043 ± 0.006 .
In the following we use the central value. It is interesting to see under what conditions this relation can be made to hold [16] , in particular if it is satisfied for a top quark anywhere in its allowed range between 100 and 200 GeV. In this case, because of the Pendleton-Ross fixed point the ratio of the two quark masses runs appreciably in the infrared region. For a top quark in its lower range, 100 -150 GeV, this relation fails over all scales, so we start with a 190 GeV top in the following tables. The value of Vcb at all scales is obtained by rurming the angles; the particular value used for the CP-violating phase produces no appreciable difference in our results. We see that it is only for a very heavy top quark that this relation can be fulfilled.
Of course things get better if we use the largest experimentally allowed value of Vcb' In particular, for a yet heavier top quark mass, the region of agreement spans more scales.
Putting all these results together, it is hard to arrive at a unified picture in the context of the Standard Model. The scale at which one relation tends to be satisfied does not coincide with that at which the other is valid. Still, the disagreement is never too large, which makes us hope that small course corrections in the running of the parameters may make most if not all of these relations hold simultaneously at a unified or similar scales. It is remarkable that for a top quark at the upper reaches of its allowed range, the long life of the bottom quark lends plausibility to the SO( 10 )-inspired relation.
RUNNING THE SUPERSYMMETRIC STANDARD MODEL TO PLA CK
As is well known, the Standard Model shows no apparent inconsistencies until per haps the Planck scale, where quantum gravity enters the picture. Thus the nature of the physics that is to be encountered in between our scale and the Planck scale is a matter of theoretical taste. At one extreme, the value of the gauge couplings may be interpreted to infer new phenomena every two orders of magnitude. At the other, there is the possible desert suggested by GUTs; however, the absence of new phenomena over many orders of magnitude cannot be understood (perturbatively) unless one generalizes the Standard Model to be Supersymmetric at an experimentally accessible scale. This particular sce nario is bolstered by the fact that with such "low energy" supersymmetry, the three gauge couplings of the Standard Model meet at a scale of :::::: 10 16 Gev at the perturbative value of 1/26 [4] . In the following we restrict ourselves to this particular scheme in investigating the fate of these four relations among masses and mixing angles.
The collapse of the "GUT Triangle" in the supersymmetric extension fixes two scales, one is that at which the gauge couplings unify, the other denotes the threshold of su persymmetry. Minimal supersymmetry [17] implies two Higgs doublets, and eliminates the feisty quartic self-coupling of the Standard Model. Accordingly, even in the limit where only one Higgs is light, there appears an extra parameter, the ratio of the vacuum values of these two doublets, parametrized by an angle (3 Vu tan{3 = -.
Vd
In a previous publication [18] , it was shown that with supersymmetry it becomes possible to assume that relation (I) is valid at gauge unification. We still have one unknown degree of freedom, the angle {3. The strategy of this paper is to fix its value by demanding optimum agreement on the remaining relations (II-IV).
The results are again given in terms of tables for the central value of Vcb = .044. We treat three cases, the first where unification takes place at its lowest value. Vcb as a function of f3 for relation (IV) valid at different scales
We conclude that it is not impossible to achieve agreement for three out of the four relations. But, for tills to be true, several things must occur: one Vcb must be larger than its presently measured value; second the top quark mass must be around 190 GeV (if it is a bit lighter, then agreement dictates that the mixing angle should be larger still); third the Higgs mass should hover around 120 GeV. These conclusions are qualitatively correct if one demands maximum agreement. A similar analysis which recently appeared in the literature has reached similar conclusions [12] . However, it is difficult to arrive at a definite number without an exhaustive analysis of the parameter space. We leave this to a future publication [13] .
